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(54) COLD CATHODE TYPE FIELD EMISSION ELEMENT AND ITS MANUFACTURE 

(57)Abstract: * J& ' & 3S 

PROBLEM TO BE SOLVED: To provide a cold 
cathode type field emission element having a plane 
electron source and with which emitted electric 
current is increased and of which the electrode 
function is not deteriorated even by high temperature 
process for vacuum sealing and to provide a 
manufacturing method of the element. 
SOLUTION: In this cold cathode type field emission 
element manufactured by arranging lower part 
electrodes 12 on an insulating substrate, forming an 
electron accelerating layer 14 is formed on the lower 
part electrodes 12 while setting an insulating layer 13 
between the lower electrodes 12 and the electron 
accelerating layer 14, and upper part electrodes 15 
are arranged on the electron accelerating layer 14; a large number of holes 6 are formed 
and arranged in a region in which the upper part electrodes 15 and the lower part 
electrodes 12 are on the opposite to each other and form a plane electron source. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The cold-cathode mold field-emission component characterized by to be formed two or 
more holes in said up electrode in the cold-cathode mold field-emission component which has the 
substrate which has the conductive layer which serves as a lower electrode at least at the surface 
section, the electronic acceleration layer which were formed on said lower electrode of this substrate, 
and the up electrode which are formed so that said lower electrode may be countered on this 
electronic acceleration layer, and impress an electrical potential difference between said lower 
electrodes. 

[Claim 2] The electronic acceleration layer formed through the insulating layer on said lower 
electrode of the substrate which has the conductive layer which serves as a lower electrode at the 
surface section, and this substrate at least, It has the up electrode formed so that said lower electrode 
might be countered on this electronic acceleration layer. In the cold cathode mold field emission 
component accelerates the electron which impressed alternating voltage between said up electrodes 
and lower electrodes, and was injected into said electronic acceleration layer from said up electrode, 
and it was made to make emit from said up electrode side The cold cathode mold field emission 
component characterized by forming two or more holes in said up electrode. 
[Claim 3] The magnitude of each hole of said up electrode is a cold cathode field emission 
component according to claim 1 or 2 characterized by being set as 5 or less times of said up 
electrode and lower inter-electrode thickness. 

[Claim 4] The manufacture approach of the cold-cathode field-emission component characterized by 
to have the process which forms an electronic acceleration layer on said lower electrode of the 
substrate which has the conductive layer which serves as a lower electrode at least at the surface 
section, and forms two or more holes at said up electrode in the manufacture approach of a cold- 
cathode mold field-emission component of having the process which forms the up electrode which 
impresses an electrical potential difference between said lower electrodes so that said lower 
electrode may counter on this electronic acceleration layer. 

[Claim 5] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 characterized by 
being what carries out pattern formation of the etching-proof mask, and carries out selective etching 
of said up electrode on said up electrode. 

[Claim 6] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold-cathode mold field-emission component according to claim 4 characterized by 
to be what carr ies out lift-off processing of said up electrode by removing said sacrifice layer after 
carrying out pattern formation of the sacrifice layer to the location corresponding to two or more of 
said holes on said electronic acceleration layer in advance of said up electrode formation and 
carrying out laminating formation of the Gokami section electrode. 

[Claim 7] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold-cathode mold field-emission component according to claim 4 characterized by 
to be what forms said electronic acceleration layer in the condition that irregularity is shown in that 
front face, forms the up electrode which has the irregularity which reflected said irregularity on this 
electronic acceleration layer, embeds and forms etching-proof material in the crevice of this up 
electrode surface, and carries out the selective etching of said up electrode. 
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[Claim 8] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 character ized by 
being what applies the solution which distributed the particle used as said up electrode material, 
carries out heating baking, and forms a porous up electrode on said electronic acceleration layer. 
[Claim 9] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component accor ding to claim 4 characterized by 
being what forms the 2nd up electrode material film after carrying out pattern formation of the 
etching-proof mask and carrying out selective etching of the 1st up electrode material film on the 1st 
[ after forming the 1st up electrode material film / this ] up electrode material film. 
[Claim 1 0] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 char acterized by 
being what carries out selective etching of said up electrode after carrying out pattern formation of 
the etching-proof mask on said up electrode and carrying out a re flow of said etching-proof mask., 
[Claim 1 1] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 char acterized by 
being what carries out selective etching of said up electrode after carrying out pattern formation of 
the etching -proof mask on said up electrode, carrying out etchback of said etching-proof mask and 
increasing a bore diameter. 

[Claim 12] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 char acterized by 
being what carries out selective etching of said up electrode after for ming the sacrifice film on said 
up electrode, carrying out pattern formation of the etching-proof mask subsequently and etching said 
sacrifice film isotropic. 

[Claim 13] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component accor ding to claim 4 characterize by 
being what carries out selective etching of said up electrode after forming low-melt point point 
sacrifice film, such as PSG and BPSG, on said up electrode, carrying out pattern formation of the 
etching-proof mask subsequently, etching said sacrifice film isotropic and carrying out a reflow of 
said sacrifice film. 

[Claim 14] The process which forms two or more holes in said up electrode forms the 1st sacrifice 
film on said up electrode. Subsequently, after carrying out pattern formation of the etching-proof 
mask and etching said 1st sacrifice film isotropic, The manufactur e approach of the cold cathode 
mold field emission component according to claim 4 characterized by being what carries out 
selective etching of said up electrode after forming the 2nd sacr ifice film, carrying out etchback of 
said 2nd sacrifice film and forming a side spacer in the side attachment wall of said 1st sacrifice 
film. 

[Claim 15] The process which forms two or more holes in said up electrode forms the 1st sacrifice 
film on said up electrode. Subsequently, after carrying out pattern formation of the etching-proof 
mask and etching said 1st sacr ifice film isotropic, The manufacture appr oach of the cold cathode 
mold field emission component according to claim 4 characterized by being what carries out 
selective etching of said up electrode after applying SOG etc. as 2nd sacrifice film and carrying out 
etchback of said 2nd sacrifice film. 

[Claim 16] The process which forms two or more holes in said up electrode forms the 1st sacrifice 
film on said up electrode. Subsequently, after carrying out pattern formation of the etching-proof 
mask and etching said 1st sacrifice film isotropic, Form the 2nd sacrifice film, carry out etchback of 
said 2nd sacrifice film, and a side spacer is formed in the side attachment wall of said 1st sacrifice 
film. The manufacture approach of the cold cathode mold field emission component according to 
claim 4 characterized by being what carries out selective etching of said up electrode after removing 
said 1st sacrifice film selectively. 

[Claim 17] The process which forms two or more holes in said up electrode forms the 1st sacrifice 
film on said up electrode. Subsequently, after carrying out pattern formation of the etching-proof 
mask and etching said 1st sacrifice film isotropic, The manufacture approach of the cold cathode 
mold field emission component according to claim 4 characterized by being what carries out 
selective etching of said up electrode after applying SOG etc. as 2nd sacrifice film, performing 
etchback and removing said 1st sacrifice film selectively . 

http://www4ipdlinpit.go jp/cg^ 12/17/2007 



JP,10-241553,A [CLAIMS] 



Page 3 of 3 



[Claim 1 8] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 char acterized by 
being that to which a reflow of said up electrode is carried out after forming the low-melt point point 
electrical conducting material film as said up electrode, carrying out pattern formation of the 
etching-proof mask subsequently and etching said up electrode isotropic. 
[Claim 19] The process which forms two or more holes in said up electrode is the manufacture 
approach of the cold cathode mold field emission component according to claim 4 character ized by 
including the process which forms the conductive electrode material film with a thickness of lOnm 
or less after forming a hole so that said electronic acceleration layer may be exposed to said up 
electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cold cathode mold field emission component 
using the field electron source applied to a flat-surface display etc., and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, FED (Field Emission Display) using the electron 
source array which arranged the cold cathode electron source in the shape of a 2-dimensional matrix 
attracts attention as a flat-surface display which replaces a liquid crystal display, and researches and 
developments are done by every place. The method of a cold cathode electron source is roughly 
divided, and has two, the point electron source represented by the Spindt (Spindt) method which 
sharpened the head like a needle, and the field electron source which takes out an electron from a flat 
surface. Among these, although the current which can take out a point electron source is large, it is 
weak by the noise and the effect of adsorption, desorption, etc. of residual gas is large, and since an 
electron beam spreads, there is a difficulty of needing a focusing means. On the other hand, although 
the current which can take out a field electron source is small, actuation of a low noise and high 
stability is possible, and since it is emitted without an electron beam spreading, it has the advantage 
in which a focusing means is not needed, either. Therefore, to FED, a field electron source is 
desirable. 

[0003] Although a field electron source obtains an acceleration electron by vertical inter-electrode 
electric-field impression, makes an up electrode penetrate and takes out an electron, it has some 
which are listed below according to the structure of the layer for gener ating the acceleration electron. 

** The method which takes out the electron which carried out tunneling of the insulator layer 3 by 
high electric field as the vertical section electr ode 1 and MIM (Metal Insulator Metal) structure 
which sandwiched the thin insulating layer 3 among two as shown in drawing 33 (a) (for example, 
p.l to Japan Society for the Promotion of Science vacuum microelectronics 158th time [ 5th ] 
committee seminar data 6 reference). 

** The PN-junction component method which starts avalanche breakdown by high electric field, and 
generates a hot electron using the structur e of having the vertical electrode 1 and the semi-conductor 
layers 4a and 4b which form a PN junction among two as shown in drawing 33 (b) (for example, 
"electronic ingredient" p. 34 reference of the January, 1991 issuance). 

** The Schottky barrier component method which whose semi-conductor layer 5 which constitutes 
the Schottky barrier between the up electrodes 1 is pinched among the vertical electrodes 1 and 2, 
starts avalanche breakdown by high electric field, and generates a hot electron as shown in drawing 
33 (c) (for example, the 1990 Institute of Electronics, Information and Communication Engineers 
autumn national conference, SC-8-6 reference). 

** it is shown in drawing 33 (d) - as — vertical inter-electrode one - the method (for example, the 
1990 Institute of Electronics, Information and Communication Engineers autumn national 
conference, SC-8-7 reference) which takes out the electron which carried out tunneling of the 
insulating layer 6 to 1 and 2 by high electric field using the MOS (Metal Insulator Semiconductor) 
structure the insulating layer 6 and whose semi-conductor layer 7 were pinched. 
** it is shown in drawing 34 (e) — as - vertical inter-electrode one - the method (for example, 
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"application physics" volume [ 63rd ] No. 6 (1994) P.592-P.595 reference) which generates a hot 
electron in the electronic acceleration layer 8 using EL (Electro Luminescence) component structure 
which inserted the electronic acceleration layer 8 and the insulating layer 9 into 1 and 2. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the field electron source of ** - ** mentioned 
above has the advantage desirable as an object for FED as mentioned above, it has the problem 
which should still be solved for utilization. It is that the rate of the current taken out by the exterior 
to the current which flows inside a component is [ one ] small compared with a point electron source. 
This is because electronic dispersion with up electrodes, such as Au which makes an electron 
penetrate, and aluminum, is large. In order to make dispersion small, the thin film of lOnm or less 
uses for an up electrode, and emission electron with **** sufficient by this is not obtained. Although 
another needs to carry out the vacuum lock of the electron source array with low melting glass etc. 
for application to FED etc., a field electron source array must be heated at 400 degrees C or more in 
that case, I hear that the film condenses by this heat treatment process, and the function of an 
electrode is spoiled, and there is a thin up electrode of lOnm. These are made into the common 
problem also when using any of ** - **. 

[0005] The cathode structure which carried out arr ay formation of the pinhole 10 which penetrates 
these over the up electrode 1 and an insulating layer 3 in the vertical electrode 1 and the MIM 
structure which sandwiched the insulating layer 3 among two as shown in drawing 34 is also 
proposed to the field electron source of ** - ** mentioned above as what can solve the problem of 
electronic dispersion with an up electrode (refer to JP,6-203772,A). However, this structure is close 
to the Spindt mold at the point of using the pr inciple of the thermionic tube unlike * * which uses the 
electron emission by the electric field from the lower electrode 2 exposed in a pinhole 10 to the 
inside of a vacuum, and uses the hot electron in a solid-state - **. However, since the head is not 
sharp like the Spindt mold, the electric-field concentration by the configuration cannot be used, but 
the thickness of an insulating layer 3 is 1 micrometer. It has the problem that carry out and the 
electrical potential difference of about lkV is needed. 

[0006] This invention aims at offering a cold cathode mold field emission component with the field 
electron source by which the electrode function was made not to be spoiled by the elevated- 
temperature process for a vacuum lock, and its manufacture approach while it was made in 
consideration of the above-mentioned situation and aims at buildup of the emission current. 
[0007] 

[Means for Solving the Problem] This invention is characterized by to be formed two or more holes 
in said up electrode in the cold-cathode mold field-emission component which has the substrate 
which has the conductive layer which serves as a lower electrode at least at the surface section, the 
electronic acceleration layer formed on said lower electrode of this substrate, and the up electrode 
which is formed so that said lower electrode may be countered on this electronic acceleration layer, 
and impress an electrical potential difference between said lower electrodes. The substrate with 
which this invention has the conductive layer which serves as a lower electrode at least at the surface 
section again, The electronic acceleration layer formed through the insulating layer on said lower 
electrode of this substrate, It has the up electrode formed so that said lower electrode might be 
countered on this electronic acceleration layer . In the cold cathode mold field emission component 
accelerates the electron which impressed alternating voltage between said up electrodes and lower 
electrodes, and was injected into said electronic acceleration layer from said up electrode, and it was 
made to make emit from said up electrode side, it is characterized by forming two or more holes in 
said up electrode. In this invention, the magnitude of each hole of said up electrode is preferably set 
as 5 or less times of said up electrode and lower inter-electrode thickness. 
[0008] It is characterized by for this invention to have the process which forms an electronic 
acceleration layer on said lower electrode of the substr ate which has the conductive layer which 
serves as a lower electrode at least at the surface section again, and forms two or more holes at said 
up electrode in the manufacture approach of a cold-cathode mold field-emission component of 
having the process which forms the up electrode which impresses an electrical potential difference 
between said lower electrodes so that said lower electrode may counter on this electronic 
acceleration layer. As a process which forms two or more holes, the following processes can 
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specifically be used for said up electrode. 

(a) On said up electr ode, carry out pattern formation of the etching-proof mask, and cany out 
selective etching of said up electrode. 

(b) Carry out lift-off processing of said up electrode by removing said sacrifice layer after carrying 
out pattern formation of the sacrifice layer to the location corresponding to said two or mor e holes on 
said electronic acceleration layer in advance of said up electrode formation and carrying out 
laminating formation of the Gokami section electr ode. 

(c) Said electronic acceleration layer is formed in the condition that irregularity is shown in that front 
face, form the up electrode which has the irregularity which reflected said irr egularity on this 
electronic acceleration layer , embed and form etching-proof material in the crevice of this up 
electrode surface, and carry out selective etching of said up electrode. 

(d) On said electronic acceleration layer, apply the solution which distributed the particle used as 
said up electrode material, carry out heating baking, and form a porous up electrode. 

[0009] With the field electron source structure by this invention, by forming two or more holes in an 
up electrode, and optimizing the magnitude and the pitch of this hole, big electric field are built over 
an electronic acceleration layer also in the part of a hole, and the electron accelerated in the 
electronic acceleration layer is emitted from these holes. Therefore, since dispersion with an up 
electrode is lost like before, compared with the conventional method which is made to penetrate an 
up electrode and takes out an electron, the increment in the emission current of about single figure is 
attained. Moreover, in this invention, even if it is exposed to an elevated-temperature process when it 
is not necessary to make an up electrode thin, therefore closes with low melting glass etc. since 
electron emission is performed through the hole of an up electrode, the flow of an up electrode is not 
lost. Furthermore, since it is a method which accelerates and picks out an electron from an electrode 
in a solid electronic acceleration layer in a vacuum unlike the thermionic-tube method to which field 
emission of the direct electron is carried out, the thing of this invention has few noises, and it is field 
electron source structure, and there is no adverse effect to the cathode of residual gas, and it serves as 
[ has the advantage in which an electron can be taken out almost vertically, and ] the optimal cold 
cathode electron emission component for FED etc , 

[0010] In this invention, the hole formed in an up electrode is so desirable that it is small, and 
according to the experiment, compared with the method which makes the conventional up electrode 
penetrate, a significant difference is accepted in the increment in the emission current by setting it as 
5 or less times of the vertical inter-electrode thickness containing an electronic acceleration layer. 
The minimum of the magnitude of a hole is restricted by the working limit. 

[001 1] In this description in addition, an "electronic acceleration layer" The others [ layer / electronic 
acceleration ] which accelerate the impregnation electron from the up electrode [ as / in the EL 
element mold of drawing 33 (e) ] by alternating curr ent actuation, It uses in the semantics also 
containing the semi-conductor layer which constitutes the PN junction and the Schottky barrier for 
an avalanche as shown in drawing 33 (b) and (c), and the insulating layer using the tunneling in the 
MIM mold and MOS mold which are further shown in drawing 33 (a) and (d). That is, this invention 
is applied to any mold of drawing 33 (a) - (e). 
[0012] 

[Embodiment of the Invention] Her eafter, with r efer ence to a drawing, the example which applied 
this invention to the cold cathode mold field emission component of an EL element mold is 
explained. Drawing 1 (a) and (b) are the top view and its A- A' sectional view of a field emission 
component of the example which carried out array formation of the electron source two-dimensional. 
On the insulating substrates 11, such as glass and a quartz, array formation of the lower electrode 12 
which used the ITO film is carried out at intervals of predetermined, and the electronic acceleration 
layer 14 is formed through the insulating layer 13 so that this may be covered. An insulating layer 13 
is Ta 205, and the electronic acceleration layers 14 are semi-conductor layers, such as ZnS or ZnSe, 
in this example. An insulating layer like Y203 can also be used as an electronic acceleration layer 
14. Array formation is carried out in the direction in which the up electrode 15 which used Au film 
or aluminum film crosses with a lower electrode on the electronic acceleration layer 14. 
[0013] Each intersection which the up electrode 15 and the lower electrode 12 counter as the slash 
showed to drawing 1 (a) is one field electron source corresponding to 1 pixel in FED application, 
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dr awin g 2 (a) is the top view having expanded and shown the one field electron source, and this 
drawing (b) is a perspective view which expands this further, cuts in part and is shown. In this 
example, array formation of the hole 16 of the shape of much square is carried out at least like a 
graphic display to the lower electrode 12 and the field of the field electron source which counters of 
the up electrode 15. the magnitude of a hole 16 — for example, a= 1 micrometer it is -- this pitch of 
p= 2 micrometers Array formation is carried out at the shape of a matrix., a ratio [ as opposed to / 
when such 1000x1000 holes 16 are ar r anged, the area of a field electron source is set to 2 2x2mm, 
and / the electron source area of the gross area of two or mor e holes 1 6 ] (henceforth a numerical 
aperture) - about « it is set to one fourth (= 25%). In addition, hole 16* of the shape of a rectangle as 
shown not only in a square but in drawing 2 (c) (long and slender configuration) is sufficient as the 
configuration of a hole 16. 

[0014] In addition, although concr ete data are behind used for the magnitude of the hole 16 for med 
in the up electrode 1 5 and it explains them to a detail, its smaller one is good and makes it preferably 
5 or less times of sum total thickness b of the electronic acceleration layer 14 and an insulating layer 
13. Moreover, if the width of face and spacing of a hole 16 are made almost equal, about 1/of 
numerical apertures will be set to 4. The configuration of a hole 16 does not need to be a rectangle 
and may be a round hole. The array of a hole 16 may be arranged at random rather than also 
necessarily needs a thing regular in the shape of a matrix. These hole configurations and arrays can 
be suitably chosen by the concrete manufacture approach so that it may illustrate below. 
[0015] As shown in example 1 drawing 3 (a), on the insulating substrate 1 1, the ITO film is vapor- 
deposited, patterning of this is carried out to the shape of a stripe using a lithography process, and the 
lower electrode 12 is formed. On the substrate with which the lower electrode 12 was formed, as 
shown in drawing 3 (b), it is 0.3 micrometers by the spatter about Ta 205 as an insulating layer 13 . 
As it deposits and is succeedingly shown in drawing 3 (c), it is 0 ,7 micrometers about ZnS as an 
electronic acceleration layer 14 by the hot wall method or the spatter, It deposits, then, Au film 
which serves as the up electrode 15 on the electronic acceleration layer 14 as shown in drawing 4 (a) 
- a spatter — lOnm or more - desirable - 10-100nm — thickness deposition is carried out, and on it, 
as shown in drawing 4 (b), the photoresist pattern 17 is formed. For example, using a novolak system 
positive resist, a resist pattern 17 is exposed in i line stepper of NA=0,,5, and is developed with 
TMAH2.38% of alkali developer . 

[0016] A resist pattern 17 is 1 micrometer so that the perspective view of drawing 5 may be shown. 
The aperture 18 of an angle is 2 micrometers. Array formation should be carried out in the pitch at 
the shape of a matrix. However, these production process drawings show the important section of 
one field electron source, and a resist pattern 17 also has an aperture for carrying out patterning of 
the up electrode 15 to the shape of a stripe, as drawing 1 explained actually. As Au film is etched 
with an ion milling system and shown in drawing 4 (c) using this resist pattern 17, the up electrode 
15 with which the hole 16 of a large number which expose the electronic acceleration layer 14 was 
arranged is formed., a resist pattern 17 - 02 Usher - or exfoliation liquid, sulfuric-acid + hydrogen 
peroxide solution, etc. remove. 

[0017] Process dr awing of the manufacture approach which applied the lift-off method to patterning 
of the example 2 up electrode 15 is shown in drawing 6 . Before dr awing 3 (c) which forms the 
electronic acceleration layer 14 is the same as an example 1 and forms an up electrode layer in the 
electronic acceleration layer 14 after that, it forms photoresist pattern 17a used as the sacrifice film 
of a lift off ( drawing 6 (a)). At this time, for resist pattern 17a, as shown in drawing 7 , the circular 
pattern of 1 micrometer phi is 2 micrometers. It should be arranged in the shape of a matrix in the 
pitch. Then, 10-20nm of Au film used as the up electrode 15 is deposited by the spatter ( drawing 6 
(b)). Au film by the spatter has bad step coverage, and thickness becomes thin like a graphic display 
at the side-attachment- wall pars basilaris ossis occipitalis of resist pattern 17a. If this is immersed in 
resist exfoliation liquid, exfoliation liquid can invade from the thin resist side attachment wall of Au 
film, and can dissolve resist pattern 17a, the lift off of the Au film on it can be carried out, and the up 
electrode 15 which has the hole 16 formed so that the electronic acceleration layer 14 might be 
exposed can be obtained ( drawing 6 (c)). 

[0018] When a ZnS layer or a ZnSe layer is used as an example 3 electronic acceleration layer 14, 
since these are polycrystals, periodic irregularity with a height of 0.2-0 ,5 micrometers is formed in a 



http://www4.ipdLinpit.go.jp/cgi-bin/tran_web_cgi_ejje 



12/17/2007 



JP,10-241553,A [DETAILED DESCRIPTION] 



Page 5 of 8 



front face in many cases. Drawing 8 is a SEM photograph of a ZnS layer front face in which this is 
shown. Process drawing of the approach of making a hole 16 in the up electrode 15 by the self aryne 
using the irregularity of this fr ont face is shown in drawing 9 and drawi n g 10 . 
[0019] According to the same process as examples 1 and 2, where a ZnS layer is formed as an 
electronic acceleration layer 14, as shown in drawing 9 (a) 5 irregularity is made in a front face, Then, 
it is 0.1 micrometers so that irregularity may reflect Au film used as the up electrode 15 in that front 
face. It deposits ( drawing 9 (b)) ? further photoresist 17b, and flattening of the front face is carried 
out ( drawing 9 (c)). [ apply and ] Subsequently, for example, in 02 plasma ambient atmosphere, by 
RIE, photoresist 17b remains in a crevice, and photoresist 17b is etched so that photoresist 17b of 
heights may be removed ( drawing 10 (a)). And by etching Au film by using as a mask photoresist 
17b in the condition of having been embedded in the crevice, patterning of the up electrode 15 which 
has the hole 16 formed so that the electronic acceleration layer 14 might be exposed can be carried 
out ( dra win g 1 0 (c)). In addition, artificially, it can form by etching etc. and this approach can also 
apply irregularity to that front face, when the front face of the electronic acceleration layer 14 is flat- 
Moreover, it is possible to use inorganic materials, such as other organic materials, such as 
polyimide, and SOG (Spin On Glass), instead of photoresist 17b,. 

[0020] Process drawing of the approach of using a porous layer as an example 4 hole aperture up 
electrode 15 is shown in drawing 11 . It is the same as examples 1-3 until it forms the electronic 
acceleration layer 14. The solution 19 which distributed Au particle is applied on the electronic 
acceleration layer 14 ( drawing 11 (a)). The solution perfect gold (trade name; product made from 
Vacuum metallurgy) which specifically contains Au particle with a mean particle diameter of 8nm is 
diluted with toluene, and spin coating is carried out. And 300 degrees C carries out heating baking 
about 30 minutes. Thereby, it is 0.1 micrometers. The up electrode 15 of the porosity which the hole 
16 where extent is minute opened is obtained ( drawing 1 1 (b)). Drawing 1 2 is the SEM photograph 
of the up electrode actually formed by this appr oach. 

[0021] Next, the concrete actuation and property data of a field emission component which are 
obtained according to each example are explained to a detail. As shown in drawing 13 , as a cathode 
which counters the anode 31 in which the fluorescence layer 32 was formed, the field emission 
component of an example carries out the vacuum lock of the whole, and is used.. In the case of this 
example, a field emission component is an EL element, alternating voltage VCC (pulse voltage as 
specifically shown in drawing 15 ) is impressed between the up electrode 15 and the lower electrode 
12, and the anode electrical potential difference Va is impressed between the up electrode 15 and an 
anode 21. 

[0022] Drawing 14 is band drawing showing the principle of the electr on emission of the electron 
emission component of an EL element mold. When the lower electrode (ITO) 12 side is for ward, as 
shown in drawing 14 (a), an electron is injected into the electronic acceleration layer (ZnS) 14 from 
the up electrode (Au) 15, and the trap of the poured-in electron is carried out to an interface with an 
insulating layer (Ta 205) 13. If the lower electrode 12 becomes negative, as shown in drawing 14 
(b), the electron by which the trap was carried out jumps out, it is accelerated in the electronic 
acceleration layer 14, and high energy is obtained, and the up electrode 15 will be penetrated and it 
will be emitted. When the up electrode 15 is thickened with about lOOnm, only by an electron's 
penetrating the up electrode 15, and not emitting it, therefore letting the hole 16 of the up electrode 

15 pass in the case of this example, electron emission of it is carried out. The cathode-ray- 
luminescence wave by this electron emission is shown in drawing 15 (b). This is an example at the 

time of giving Va=4kV, using the pulse voltage of pulse width [ of lOOmicro ] S as VCC, using 
ZnS:Ag as a fluorescence layer 32. 

[0023] Concretely, the result of having measured the relation of the pulse-voltage value VCC 
(absolute value) and the brightness of the fluorescence layer 32 is shown in drawing 16 about the 
prototype component by the example 1. For the thickness of the up electrode 15, lOOnm and a hole 

16 are [ this ] a^ 1 micrometer. Pitch of p= 2 micrometers It is a case, lOnm Au continuation film 
was used for the example of a comparison as an up electrode, and also it is based on the same 
component conditions as an example 1. With the component of an example 1, one about 3 times the 
brightness of this is obtained compared with the example of a comparison so that clearly from 
drawing. 
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[0024] According to conventional example ** mentioned previously, about 1/of electron currents 
emitted outside is decreased to 10 with lOnm Au film. In the case of an example 1, a numerical 
aperture is about 1/4, and it is 1 micrometer. If an electron is emitted to homogeneity only from the 
hole of an angle, to the example of a comparison in which lOnm Au continuation film was formed, 
the electron current of one 2.5 times the reinforcement of this should be acquired, and it agrees with 
the experimental data of drawing 16 in general. However, it was not thought fr om the simulation 
result explained later that the electr on was emitting the component of this example to homogeneity 
from the whole hole, but the conditions (for example, condition of the ZnS-vacuum interface of the 
ZnS layer exposed to a hole etc .) of differing from the former may have contributed to emission 
current buildup. Anyway, it was proved that it was effective in making an up electrode increase the 
emission current by carrying out array formation of the hole. 

[0025] The same data in the case of the field emission component by the example 2 are shown in 
drawing 17 . Although drawing 6 and drawing 7 show the example which forms a round hole, this 
data is 1 micrometer like an example 1 . It is 2 micrometers about the hole of an angle. It is the case 
of the component formed in the pitch. Although the up electr ode Au film prepared the 1 Onm thing 
and the 20nm thing, there was no significant difference in these. The example of a comparison is the 
same as drawing 16 . The increment in the emission current is similarly accepted for the component 
of this example 2. 

[0026] The same data of the field emission component by the example 3 and the example 4 are 
shown in drawing 1 8 and drawing 1 9 , respectively. Although the component of an example 3 has 
dispersion in the magnitude and the array of a hole of an up electr ode, a numerical aperture is about 
1/4. The almost same increment in the emission current as examples 1 and 2 is accepted. Although 
so big emission current buildup is not acquir ed to the example of a comparison, if it is considered to 
be a reason that the numerical aperture was small etc. and the component of an example 4 optimizes 
manufacture conditions, much more effectiveness is expected. 

[0027] Next, what changed the magnitude of a hole 1 6 with a^ 1 and 3 or 5 micr ometers is made 
about the component of an example 1 , and the data which measured brightness by making a pulse 
voltage VCC into a parameter about these are shown in drawing 20 . a= 1 and 3 or 5 micrometers It 
corresponds and they are a pitch p= 2 and 6 or 10 micrometers, respectively. It is carrying out. 
Therefore, each numerical aperture is about 1/4. The data of the bore diameter 0 of drawing are the 
thing of the example of a comparison shown in drawing 16 - drawing 19 . This result to a= 3 
micrometers It is a case with brightness almost equivalent to the example of a comparison. a= 5 
micrometers Also to a case, it is 1-3 micrometers about spacing of a hole. If it is made small and a 
numer ical aperture is enlarged, it is possible to obtain bigger brightness than the example of a 
comparison. However, if a not much large numerical aperture is taken, since the resistance of the up 
electrode 15 will become large, it is desirable to enlarge in the range in which the increment in 
resistance does not become a problem.. 

[0028] It is 1 micrometer about the magnitude of the data of drawing 20 to a hole. It is expected the 
following, then that the emission current increases further . Then, a= 1 micrometer Simulation of 
equipotential-line distribution including the following cases was performed. The data is shown in 
drawing 21 and drawing 22 . drawing 21 (a) — a= 2 micrometers p= 3 micrometers a case ~ drawing 
21 (b) — a= 1 micrometer It is the case of p= 2 micrometers. Moreover, drawing 22 (a), (b), and (c) 
are a= 0.5 micrometers. 0.2 micrometers 0.1 micrometers It carries out and is all 2 micrometers 
about a pitch p. It is the case where it carries out. An insulating layer 13 and the electronic 
acceleration layer 14 are collectively simplified as the same insulating layer, and such simulation 
searches for the equipotential-line distribution between the up electrode 15 and the lower electrode 
12. 

[0029] the above simulation data to a= 2 micrometers a case — a hole — the equipotential line — 
almost ~ the exterior (vacuum) — jumping out --****-- the interior of a hole — electric field are 
small compared with directly under [ up electrode ], therefore its electron emission from the 
periphery of a hole increases in this case. As for the electric field of the center of a hole, it turns out 
that the electric field directly under an up electrode are approached, and the electron emission from a 
hole becomes large, so that magnitude of a hole is made small. 

[0030] the data of drawing 20 to a numerical aperture - taking into consideration - a= 5 
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micrometers up to — if it is effective — this time — the sum total thickness of an insulating layer 13 
and the electronic acceleration layer 14, i.e., the thickness between the up electrode 15 and the lower 
electrode 12, - b= 1 micrometer it is -- since -- a/b is 5 . Even if it expands or reduces the size of a 
component, with the whole configuration held, since equipotential-line distribution does not change, 
when acquiring the emission current with bigger setting it as the range of a/b<=5 than before, it turns 
out that it is desirable. The minimum of a/b is decided by the working limit . 
[0031] Moreover, the thickness of the up electrode 15 can be borne also at about lOOnm, then an 
about 400-degree C elevated-temperature process. The field emission component by the example 1 
was made to counter an anode plate with a fluorescence layer concretely, it closed with low melting 
glass, and the display was made as an experiment. 400-degree-C heating performed glass closure in 
N2 gas . In addition, after car rying out evacuation of the glass tube using every ** with picking, and 
this glass tube beforehand, the vacuum lock was carried out to the anode plate side by burning off a 
glass tube by the burner. Consequently, luminescence by electron emission was checked and it was 
checked that the up electrode keeps the flow normal. Although the up electrode made the display 
from the same conditions using the component of the above-mentioned example of a comparison 
which is lOnm, operating having become impossible, and the up electrode Au having condensed as a 
result of analysis, and having lost the electrode function was checked. 

[0032] In this invention, if an up electr ode is made thin, the emission current will increase from the 
ability to count also upon the electron emission which penetrated the up electrode more . Therefore, it 
is desirable to make an up electrode as thin as possible in the range which can be equal to heat- 
treatment of about 400 degrees C. Moreover, in the example explained so far, although considered as 
the condition that the electronic acceleration layer 14 is exposed at the pars basilaris ossis occipitalis 
of the hole 16 established in the up electrode 15, it is not necessarily required to etch thoroughly the 
electr ode material of the par s basilaris ossis occipitalis of a hole 16, for example in an example 1. In 
order for being referred to as 7nm or less not to bar the electron emission from a hole 16, it is 
important for the electrode layer which it leaves to the pars basilaris ossis occipitalis of a hole 16, by 
leaving an electrode layer in this range, the electric field between the up electrode 15 of a hole 16 
and the lower electrode 12 increase, and, as a result, it can expect the increment in the emission 
current. 

[0033] Some examples of further others of this invention are explained. Drawing 23 forms 7nm or 
less Au film 15b lOnm or less by the spatter preferably on the whole surface anew, after forming the 
up electrode 15 in which the hole 16 was formed by the appr oach of an example 1. As explained 
previously, it can leave an electrode layer to a pars basilaris ossis occipitalis at the etching process 
which makes a hole 16, but in case it leaves the film lOnm or less, it is difficult to fulfill enough the 
homogeneity within a field, the homogeneity between substrates, lot-to-lot homogeneity, etc. If it 
etches like this example until it exposes the pars basilaris ossis occipitalis of a hole 16 thoroughly, 
and conductive electrode layers, such as Au of lOnm or less of thickness, are anew formed on the 
whole surface by the spatter, the electrode layer thickness inside a hole 16 is controllable with a 
sufficient precision. In this case, in the interior of a hole 16, the lower ZnS layer 14 is not covered 
altogether, but as shown in drawing 23 (b), it has island structure 16a which Au condensed, the ZnS 
layer 14 is exposed in part, and as shown in drawing 23 (c) from that exposed ZnS layer 14, an 
electron is emitted. Therefore, after forming a hole 16 so that the ZnS layer 14 may be exposed 
thoroughly, even if it deposits the film of lOnm or less of thickness on a hole 16, an electron can be 
made to emit similarly substantially as compared with the case where an electron is made to emit, 
after the pars basilaris ossis occipitalis of a hole 16 has been thoroughly exposed. 
[0034] Drawing 24 is the example which was made to perform taper etching to the up electrode 15, 
and shows the process following the process of drawing 4 (b) of an example 1. A resist pattern 17 is 
the positive resist of for example, a novolak system, after it develops this with an alkali developer, 
performs 180 degrees C and heat-treatment for 90 seconds with a hot plate, and carries out a reflow 
of the resist pattern 17 ( dra w ing 24 (a)). Thus, if ion milling of the Au up electrode 15 is carried out 
using the resist pattern 17 which carried out a reflow, the up electrode 1 5 by which the taper rolling 
was carried out can be obtained ( drawing 24 (b)). Au film 15a may be further deposited by the 
spatter in lOnm or less after that ( drawing 24 (c)). 

[0035] Next, some methods of adjusting the magnitude and the numerical aperture of a hole 16 of the 
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up electrode 15 are explained. It is 0.5 micrometers of diameters of an aperture 18 about a resist 
pattern 17 at the process of drawing 4 (b) of an example 1 . Pitch 1 micr ometer Suppose that it 
formed. Then, if a resist is etched isotropic by 02 Usher , the path of an aperture 18 can be enlarged. 
Specifically, it is 0.8 micrometers about an aperture 18. It expands to a path. The up electrode 15 is 
etched at the same process as an example 1 after that. It is possible to make the numerical aperture of 
the up electrode 15 large about 2.5 times from about 0.2 to about 0.5 by this approach., 
[0036] Drawing 25 and drawing 26 are the approaches of using silicon oxide as an etching-proof 
mask of the up electrode 15. About 200nm of silicon oxide 21 is deposited on the up electrode 15 
after the process of drawing 4 (a) of an example 1 ( drawing 25 (a)), Furthermore, on silicon oxide 
21, a novolak system positive resist is used and a resist pattern 22 is formed ( drawing 25 (b)). And 
silicon oxide 21 is etched isotropic using buffer fluoric acid (HF+NH4F) ( drawing 2 5 (c))„ And a 
r esist pattern 22 is exfoliated ( dr awing 26 (a)), taper etching of the up electrode 15 is carried out by 
ion milling by using as a mask the silicon oxide 21 to which opening became thin after that, and a 
hole 16 is made ( drawing 26 (b)). Etching clearance of the silicon oxide 21 is carried out by buffer 
fluoric acid at the last ( drawing 26 (c)). 

[0037] Also by this approach, adjustment of the magnitude of the hole 16 of the up electrode 15 or a 
numerical apertur e can be performed. What is necessary is just to make small thickness of the silicon 
oxide 21 which is sacrifice film, in order to enlar ge a numerical apertur e . If thickness of silicon 
oxide 21 is made small, the ar ea of the taper section of the up electr ode 15 processed will decrease 
Instead of silicon oxide 21, silicide film, such as metal membranes, such as semi-conductor film, 
such as other insulator layers, such as a silicon nitride and alumite, polycrystalline silicon, an 
amorphous silicon, and germanium, and aluminum, Cu, nickel, Mo, WSi, MoSi, NiSi, and TaSi, can 
also be used. 

[0038] <A-HREF=7Tokujitu/tjitemd^ 

=;>::?=;>::?=;>:;?=;>::?=;>::?^ 

=;>::?=;>::?=;>::?=;>::?=:>::?=;>::?=;>::?=;>::?==;>::?=;>::?=;>::?=;>:: 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s _ ows the word which can not be translated. 

3 in the drawings, any words are not tr anslated. 
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